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THE APPLICATION OF THE FALLING-DROP METHOD
FOR SPECIFIC GRAVITY MEASUREMENT TO THE
DETERMINATION OF SERUM ALBUMIN*
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In 1930 Moore and Van Slyke4 demonstrated the linear relation-
ship between plasma specific gravity and total protein, and calculated
the total serum protein by the formula:
P = 343(G - 1.0070) (1)
Weech and collaborators10 confirmed the formula in 1933. In
1934 Nugent5 demonstrated that the partial specific gravities of
albumin and globulin are practically identical. Weech and collabor-
ators' in 1936 worked out formulae by means of which the protein
content of plasma, serum, and transudate could be determined from
their respective specific gravities.
The Barbour and Hamilton1 falling-drop method for determin-
ing specific gravity is now widely used for the rapid and accurate
determination of total serum proteins. Although albumin and
globulin, as found in serum, exhibit almost identical densities, albu-
min can not be determined by the formulae of Van Slyke or of
Weech in the presence of a large amount of precipitating salt. The
necessary procedure and calculation are herein presented.
The present methodprovides for thedetermination of the specific
gravity of a sample of serum from which the globulin has been
removed by precipitation. The Barbour and Hamilton specific-
gravity method determines the difference between the density of two
solutions; if the density of one (a) be known, the density of the
other (x) can be calculated. It is possible to add to each of the
original solutions an equal part of a third solution (z) without affect-
ing the difference in density (y) except for the factor of dilution.
Thus, if
X-a =y
then
(1/2 x + 1/2z) - (1/2 a + 1/2 z) = 1/2 y
* From the Laboratory of Pharmacology, Yale University School of Medicine.
The data herein presented are taken from the author's thesis in candidacy for the
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In this way it is possible to determine serum albumin in the
presence of sufficient quantities of a salt to precipitate the globulin.
Procedure
Ammonium sulfate (saturated at 200 C.) is prepared by adding 756 gm.
of anhydrous (NH4)2SO4 to 1,000 gm. of water. This is kept at 370 C.,
together with the pipette and centrifuge tube to be used with it.
Ammonium sulfate, 4% w/v, is prepared and its specific gravity is deter-
mined accurately to k 0.0001.
To 1 cc. of serum is added an exactly equal amount of the saturated
(NH4)2SO4. With the aid of a clean stopper the whole is carefully mixed by
inverting ten times. The mixture is then covered by a thin layer of mineral
oil. The whole is spun for an hour in an angle centrifuge at 4,000 r.p.m.7
The density difference between the supernatant fluid and a like solution,
where the serum is replaced by the standard 4%o (NH4)2SO4 solution, is
determined by the falling-drop method.
The pipette used for measuring and delivering the drop should be drawn
out to capillary width to minimize the surface from which oil must be
removed.
The XBB mixture for the heavy solutions is: for 200 C., xylene 57.5%o,
brombenzene 42.5%o; for 300 C., xylene 56.0%o, brombenzene 44.0%o.
For temperatures between 15 and 350 linear interpolation may be used; that
is to say, 0.15 change for every degree centigrade.
The above density difference is doubled to compensate for the dilution
and is added algebraically to the density of the 4%o standard. The resultant
figure (Ga) represents the density of serum without globulin in the presence
of half-saturated (NH4)2SO4.
The albumin (A) in grams per 100 cc. is calculated by the formula:
A = 300 (Ga- 1.014) (2)
By the above procedure complete protein analyses can be made in dupli-
cate within two hours.
Precautions. 1) The solutions must be kept under oil to avoid evaporation.
2) The ammonium sulfate solutions and the test-tubes and pipettes
required for their handling must be kept at 370 C. Changes of three or
four degrees diminish the accuracy of the results.
3) Celluloid or extra heavy glass centrifuge tubes are used to prevent
breakage in the angle centrifuge.
4) The precautions necessary for obtaining accurate results with the
falling-drop method must be observed rigorously, since errors of 0.0001 mean
a difference of 0.06 gm.%o in the albumin value.
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Sample calculation. Human serum (280 C.)
Sp. Gr.
Serum + Sat(NH4)2SO4 falls in 53.7" .0.00303
2 2
4%(NH4)2SO4 + Sat(NH4)2S04 falls in 61.2" .0.00251
2 2
Difference ................................................. +0.00052
Dilution factor ................................................. X 2
0.00104
Standard 4%o (NH4)2SO4 ............................ ..................... 1.0228
Serum s globulin .......... 1.0238
Subtraction factor from formula ................................................. - 1.014
Partial sp. gr. of protein ...................... ........................... 0.0098
Conversion factor ............. .................................... X 300
Albumin in gm. %o ................................................. 2.94
Results. A series of 27 determinations is presented in Figure 1. Twenty-
six samples of human serum were obtained through the courtesy of Dr. Anna
Eisenman of the Department of Internal Medicine. The total protein and
albumin values of these samples had been determined by the Howe-Kjeldahl
method. One typical sample and its albumin value were obtained through
the courtesy of Dr. Darrow of the Department of Pediatrics.
The average deviation of 26 albumin values given by the specific gravity
method from the corresponding values given by the Howe-Kjeldahl method
was A- 0.25 gm.% (standard deviation, A 0.32 gm.%). The coefficient of
correlation between the specific gravity of serum without globulin (corrected
for added salt) and the Howe-Kjeldahl albumin values was found to be
+ 0.86.
Total proteins were determined by both Kjeldahl and specific gravity
methods in 25 of the above samples, yielding an average difference between
the two methods of 0.19 gm.%o (standard deviation, t 0.24 gm.%o).
Derivation of the formulae
Three methods were used in deriving a formula for calculating
serum albumin from the specific gravity of the serum without
globulin.
First. The specific gravity of the samples of sera after removal
of globulin was plotted (see Fig. 1) against the albumin content of
those samples. Since these points appeared to fall on a line parallel
to the line representing the Van Slyke formula (1), the conversionYALE JOURNAL OF BIOLOGY AND MEDICINE
-Serum Albumin
- / Groms%
- p 343(G-1.007)
* (VanS.)
FIG. 1. The relationship between the calculated specific gravity of serum with-
out globulin and the albumin values by the Howe-Kjeldahl method.
factor, 343, was retained and a new factor for the non-protein com-
ponent of specific gravity was calculated:
A = 343 (Ga- 1.0157) (2)
Albumin values calculated by this formula had a standard deviation
of 4 0.35 per cent from the values given by the Howe-Kjeldahl
method.
Second. The line of recession was derived from the coefficient
of correlation:
A = 310 (Ga- 1.0147) (3)
Third. The line of estimation was derived from the following
normal formulae:
I Y=Na+b X
II XY=a X+b X2
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This gave the formula:
A = 296 (Ga - 1.0138) (4)
For convenience formula 4 was simplified to:
A = 300 (Ga - 1.014) (5)
The maximum difference between results given by formula 5
and formula 4 was 0.03 gm.%.
Within the ordinaryrange ofalbumin values, any one of the four
equations will give values of albumin which differ from those given
by any other formula within the error of the method.
Behavior of albumin in the presence of concentrated salt solutions
Comparison of formula (2) with the Van Slyke formula (1)
reveals the fact that the factor which represents the contribution
of the non-protein elements to the specific gravity of serum has been
doubled. The predicted effect of the added salt having been elimi-
nated by the calculation procedure, it became apparent that some
sort of "condensation" takes place. To study this phenomenon
further three experiments were devised.
Expertiment I. Eight samples of human sera were analyzed
using sodium sulfate to removethe globulin. Of these, two samples
failed to dear after two hours of centrifuging. The specific gravity
values of the remaining samples of serum without globulin were
plotted on graph paper against the corresponding albumin values
and in the manner of formula 2 this equation was derived:
A = 343 (Ga - 1.0147) (6)
Thus determined, six samples of albumin yielded an average devia-
tion fromtheKjeldahl albumin determinations of 0.13 gm.%(stand-
ard deviation, d 0.14 gm.%).
Experiment 11. A solution of serum albumin purified by elec-
trophoresis was kindly supplied by Dr. Melnick of the Department
of Physiological Chemistry. The specific gravity of this solution
was 1.0050 and the protein content was 0.63 gm.%. Two 1 cc.
samples of this solution were treated with ammonium sulfate in the
usual manner and the specific gravity of the solution of albumin in
the presence of ammonium sulfate was determined to be 1.0128.
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There was the slightest possible trace of precipitate on the wall of
the tube.
Experiment III. A sample of dog serum was analyzed by the
specific gravity method and found to contain 2.88 gm. of albumin
per 100 cc. Of this serum 115 cc. were added to an equal amount
of the saturated ammonium sulfate and the mixture was spun for
one hour in an angle centrifuge at 4,200 r.p.m. The supernatant
fluid was dialyzed against three three-liter changes of 0.9 per cent
sodium chloride. The protein content of the solution after dialysis
was determined by comparison of its specific gravity with the specific
gravity of its ultrafiltrate. Then three 1 cc. samples were treated
with saturated ammonium sulfate in the usual manner and the
specific gravity of albumin-free serum in the presence of one-half
saturated ammonium sulfate was determined to be 1.0144.
The results of these experiments are best seen in the table.
BEHAVIOR OF ALBUMIN IN THE PRESENCE OF CONCENTRATED SALT SOLUTIONS
Human Serum
Sample 4 Sample 5
(Fig. 1)
Precipitant (NH4)2SO4
Albumin in gm. 1.89
Serum s glob. Sp. Gr. 1.0212
Protein component " 0.0055
Serum s protein " 1.0157*
Salt, water, etc. " 1.0070
"Condensation" " 0.0087
* The subtraction factor from formula 2.
t The subtraction factor from formula 6.
t By ultrafiltration.
(Exp. I)
Na2SO4
2.02
1.0206
0.0059
1.0147t
1.0070
0.0077
Solutions of albumin
Purified Purified
by by
electro- dialysis
phoresis
(Exp. II) (Exp. III)
(NH4)2SO4 (NH4)2SO4
0.69 0.73
1.0128 1.0144
0.0020 0.0022
1.0108 1.0122
1.0030t 1.0071t
0.0078 0.005 1
The difference between the Van Slyke formula (I) and either
formula 2 or 6 may be regarded as caused by "condensation" or
"electrostriction." Examination of the table reveals that this dif-
ference is relatively constant through wide variations in the concen-
tration of albumin in sera, and that this "condensation" takes place in
the absence of globulin.
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Meaning of the formulae
The difference in the subtraction factor between formulae 1 and
2 means that some "condensation" takes place when concentrated salt
is added to an albumin solution. The difference in the conversion
factors of the formulae 1 and 4 would indicate that such condensa-
tion also affects the albumin, because a greater change in specific
gravity is produced by the same increase in albumin concentration.
That this change has no relation to the removal of globulin is evi-
denced by the fact that it takes place in solutions containing no
globulin (Experiments II and III). The condensation seems to
bear some relation to the duration and speed of centrifuging. If
the standard centrifuge is used, or if the samples are spun for less
than one hour in the angle centrifuge, the serum without globulin
has a lower specific gravity. Centrifuging for more than one hour
has no effect.
Accuracy of the method
The accuracy of the present method of serum albumin deter-
mination must be evaluated with due consideration of the possible
errors of the Howe-Kjeldahl technic with which it has been com-
pared. Some of these errors are:
1) The necessity of having solutions standing in an incubator
at 370 C. over night and of filtering these solutions for several hours
while covered only with a watch-glass introduces the possibility of
undue evaporation, giving too high values.
2) It is sometimes impossible to clear the filtrate by repeated
filtration. Although this is felt to represent fat particles, it may
occasionally be small particles of the precipitated globulin, again
giving too high values.
3) Duplicate Kjeldahl determinations are made from the same
sample of filtrate, affording no check on the procedure previous to
and including filtration.
4) Filter paper absorbs some of the albumin.6
Another important cause of the difference between the albumin
values given by these two methods may lie in the fact that ammo-
nium sulfate and sodium sulfate probably do not precipitate the same
protein fractions. Analysis of the two fractions in an electric field
shows that sodium sulfate precipitates some of the albumin yet not
all of the globulin (Melnick3). It has been shown that precipitation
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of serum protein by increasing concentrations of ammonium sulfate
affords a smooth curve2' 8 with no critical points such as were demon-
strated for sodium sulfate.2
It must, therefore, be kept in mind that the variation of results
between the two methods, small as it is, may be due essentially to
unavoidable vagaries of the Howe-Kjeldahl procedure.
Sumnmary
The Barbour and Hamilton falling-drop method for measuring
specific gravity has been applied to the determination of serum
albumin. Ammonium sulfate is the only reagent needed. The
protein content of the supernatant fluid after the precipitation of
globulin is calculated from its density by the formula:
A 300 (Ga- 1.014) (5)
Values givenbythis method differ fromthe corresponding values
given by the Howe-Kjeldahl method by a standard deviation of
±0.32 gm.%.
Samples of only 1.0 cc. are necessary. Complete determinations
in duplicate can be made within two hours.
It has been shown that the apparent specific gravity of solutions
of globulin-free albumin is increased by half-saturation with ammo-
nium sulfate. Several possible explanations of this phenomenon
were excluded by experiment.
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